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A PROCEDURE TO DETERMINE RADIO LINK CONDITION USING RADIO 
LINK CONTROL LAYER OBSERVATIONS 


[0001] BACKGROUND OF THE INVENTION 


[0002] Field of the Invention 


[0003] This invention relates to wireless data networks and is directed in particular to a 
procedure for determining a condition of a radio link using radio link control layer 
observations. 


[0004] DESCRIPTION OF THE PRIOR ART 


[0005] Emerging multimedia digital wireless systems, such as Nortel's UMTS (universal 

mobile teleconmiunication system) are designed to support higher data rates than flie 
current narrowband digital networks such as the GSM (global system for mobile) 
cellular communication system. The architecture of multimedia digital wireless 
systems is somewhat similar to that of the GSM, in that they are also organized into 
geographically-defined cells, with a base transceiver station (BTS) that controls 
operation of all mobile radio terminals present in the area covered by the BTS. BTS 
(also called **Node-B") hosts radio transmission/reception equipment for operating a 
number of radio channels, maintains authorization and registration of the mobile 
terminals, handles chaimel allocations for all active communication sessions, etc. 

[0006] Typically, a group of base transceiver stations communicate with one or more radio 
network controllers KNC located throughout a certain territory. A RNC is analogous 
with what is referred to as a Base Station Controller (BSC) in GSM. Each radio 
network controller is responsible with controlling operation of the base transceiver 
stations coupled to it, and hosts for example the radio equipment for a public line 
mobile network (PLMN), transcoder units (TCU) and portable communication units 
(PCU). A KNC is in turn coupled to a mobile gateway mobile switching center, which 
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performs switching operations for both circmt-switched and/or packet-switched 
coirununications. 

[0007] Layered architecture is a form of hierarchical modularity used in data network design, 
where each layer performs a category of functions or services using information from 
flie immediately upper or lower layers. The OSI (Open System Intercoimections) 
model defines a Physical Layer (Layer 1), a Data Link Layer (Layer 2), a Network 
Layer (Layer 3), a Transport Layer (Layer 4) and one or more Application Layers 
(Layers 5 to 7). 

[0008] The Physical Layer (L-1) specifies the standards for the transmission medium, which 
is a radio (wireless) link in case of wireless networks. A wireless link is characterized 
by a higher bit error rate than a wired link, due to RF environment such as fading and 
effects of interference etc, and low transmission power available to the mobile 
terminal. In addition, the radio link is not symmetrical and the bandwidth of a 
transmission channel rapidly fluctuates over time. Furthermore, in a wireless 
environment, the amount of bandwidth available is fixed and scarce. Adding 
bandwidth to a radio link may be expensive or even impossible due to regulatory 
constraints. Still further, part of the bandwidth needs to be used in signalling and error 
correction, which reduce the bandwidth allocated to the payload. 

[0009] Data Link Layer (L2), which is called the Radio Link Control (RLC) layer for wireless 
data networks, performs control protocols used to mitigate the effects of impairments 
introduced by the physical transmission medium. In the case of a wireless network, the 
RLC protocols are designed to deal specifically with the types of impaimients found 
on the radio Unk and comprise mechanisms to deal with errors on the link, delays 
encountered in transmitting information, lost information, bandwidth conservation, 
and contention resolution. 

[001 0] Layers 3-7 are less relevant to the present invention and as such are not discussed 
further. 
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[001 1] Since the main limitation in the wireless systems is the scarcity of the radio resources 
(power and spectrum), one of the main objective when designing a wireless system is 
to best utilize the available resources. Various radio resource management (RRM) 
algorithms have been designed with a view to maximize the capacity and performance 
of a wireless system, while efiBciently using the available radio resource. 

[0012] Due to the nature of the RRM (radio resource management) functions, most RRM 
algorithms are implemented at L-2 or above, and usually reside in the RNC (Radio 
Network Controller). However, for a RRM algorithm to function properly, it is 
essential that it has the states of the L-1 radio link as the input information; this 
information is available at the BTS (Base Transceiver Station) and at the mobile 
teraodnal. Since in most wireless systems the RNC and the BTS are not co-located, 
this architecture results in using an important chunk of the available bandwidth for 
signalling exchanges between these two entities as well as signalling exchanges 
between RNC and mobile terminal. For example, for wireless data services, radio rate 
link adaptation schemes are mandatory. The conventional implementation of link 
adaptation is to use explicit signalling; this occupies link bandwidth within both the air 
interface and the lub^ackhaul (NodeB/BTS - RNC/BSC interface), as well as adds 
complexity into the system, 

[0013] There is a need to reduce the signalling between the user eqmpment, the BTS, and the 
RNC, that is necessary for providing the RNC with L-1 operational parameters of the 
radio link. 

[0014] SUMMARY OF THE INVENTION 

[001 5] The present invention provides a relationship between a L-2 observable parameter and 
a L-1 measurable condition of a radio link performance, to determine one from the 
other. 
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[0016] More specifically, the present invention provides within a wireless transmission 
system equipped with a radio network controller (RNC) hosting radio resource 
management algorithms for controlling operation of a base transceiver station (BTS), a 
method of controlling the performance of a radio link established between the base 
transceiver station and a radio terminal including the steps of: monitoring fi-om the 
RNC a L-2 parameter directly observable at the RNC; determining from the L-2 
parameter a L-1 parameter, without explicit signaling between the RNC, said BTS and 
the radio terminal; and from a radio resource management algorithm, prompting the 
radio terminal and the RNC to perform a radio resource management action whenever 
the L-1 parameter violates a L-1 threshold. 

[0017] The present invention also provides a method of obtaining physical layer (L-1) 

information at radio link control (RLC) layer (L-2) without explicit signaling between 
L-1 layer and L-2 layer including the steps: deriving a transfer function between a L-2 
observable parameter and an L-1 status parameter; obtaining the L-2 observable 
parameter; applying the transfer function to obtain the L-1 status parameter based on 
the RLC parameters setting and on an estimation of physical layer information; and 
triggering a radio resource management action whenever the L-2 parameter violates a 
L-2 threshold. 

[001 8] Advantageously, no explicit signaling between RNC, Node B and mobile terminal is 
necessary for radio link rate adaptation mechanisms with the present invention, hence 
reducing the bandwidth usage in both radio link and lub/bacldiaul link. By clearly 
identifying and quantifying the relationship between a RLC observable and a radio 
link condition, this invention provides a procedure for determining one from the other. 
It can be used by various radio resource management algorithms in wireless systems to 
monitor a radio link condition at the RLC layer and to trigger tiie necessary state 
change based on a quantized change in the radio link condition. 
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from the BTS node to the RNC. 


[00201 ,„addition,fl.e— 
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[0021] 


Any ae^ss p^dnct that supports data seMces wid. a protocol 
(ARQ)a*em.inradiolinkl=ye,maynse,beinven,ion.Itoanbensedmb«thFNC 

and mobile terminal. 
[0022] BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] nGimElshowsablockdiagramofamultimediadi^talwirelesssyst^ 

use the present invention. 
(00241 H<alIffi2.ho»sa.eOSnayersfora™el.ssays.em,pcovid^formus.rating.h= 

method of the present inventioa 


[0025] 


[0026] 


FIGURE 3 is a flowchart of the method according to the invention. 
DETAE.ED DESCRIPTION OF THE IN^^ON 


[0027] Theinventionwinbedescribedfor«.epurposesofiUustrationonlymcorm^^^^ 
' ' oertainembodiments;however,itistobe^derstoodthatotherobiectsandad^^^^^ 
ofthepresentinventionwillbemadeapparentby^efollowingdescript.onofthe 
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drawings according to the present invention. While a preferred embodiment is 
disclosed, this is not intended to be limiting. Rather, the general principles set forth 
herein are considered to be merely illustrative of the scope of the present invention 
and it is to be further understood that numerous changes may be made without 
straying from the scope of the present invention. 


[0028] 


FIGURE 1 shows a block diagram of a multimedia digital wireless system 1. As 
described above, system 1 is organized into geographically defined cells, where a base 
transceiver station (BTS/Node-B) 40-44 controls operation of a mobUe radio tenninal 
10. FIGURE 1 also shows BTS antennas 30-34 for exchanging radio signals with the 
mobile terminal; in this example the mobile 10 is shown in the area covered by 
antenna 30 of BTS 40. In the example of FIGURE 1. BTS's 40-42 are controlled 
from a RNC 60, and BTS's 43 and 44 are controUed from a RNC 65. BTS's 40-44 
and RNC's 60 and 65 make up a radio access network (RAN) 50. 

On the cUent side, the mobile terminal may be connected to a data terminal such as a 
personal computer 20. 

The RNCs are coupled, in turn, to a mobile gateway mobile sAvitching center 70, 
which performs switching operations for both circuit-switched and/or packet-switched 
communications. The switching center connects the radio access network 50 to 
PTSN, IntCTnet or an Intranet. 

[0031] As mobile radio terminal 10 travels between the wireless cells, the task of routing data 
between the wired netwoik(s) and the mobile is handed-off to the base transceiver 
station of the new cell, while maintaining the end-to-end connectivity. 

[0032] FIGURE 2 shows the OS! layers for a wireless system, and illustrates the block error 
rate BLER as the preferred radio link status parameter. BLER measures decoded 
information reUability of a group of information bits; a block emjr is defined as one or 
more bit errors within the group of infonnation bits. Reducing the BLER enhances 


[0029] 


[0030] 
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system perfoimance by. for example, increasing the amount of data that may be 
communicated (i.e. increasing the data throughput) or. for voice communications, 
enhancing the perceived quality of the voice communication. 

[0033] FIGURE 2 also shows an observable parameter at the radio link control (RLC) layer 
(L-2). An observable parameter for a communication session is in a preferred 
embodiment of the invention the PDU (protocol data unit) retransmission rate, which 
provides a measure of the PDU's received in error. 

[0034] A plurality of radio resource management algorithms RRMAl to RRMAn are also 
intuitively shown by blocks 61, 62 and 63. A RRM algorithm usually makes 
decisions/triggers actions based on the quality of the radio Unk. With the current 
implementations of the RLC, a real time estimation of the downlink (from the RNC to 
the user equipment) BLER r_c that exceeds a configurable threshold will trigger a 
status change at a radio resource management algorithm RRMAl/RRMAn. In a 
similar feshion, a real time estimation of the uplink (firom the user equipment to the 
RNC) BLER r_o could also trigger a status change for uplink radio transmission. This 
changeinvolvessignalingshownbyarrowsA.Al and A2 in FIGURE 2. Indices 'C 
and *o' are used to indicate that the respective parameter refers to a "considered 
direction" (downlink or uplink), or to "opposite direction" (uplink or downlink). For 
simplicity, the index 'c' will be omit from now on (e.g. instead of usmg r_c for the 
BLER on the considered direction, we simply use r). 

[003 5] On the other hand, by qualifying a relationship R-f(BLER) between a radio link status 
parameter and a RLC link observable parameter, the invention circumvents signaling 
previously necessary to provide the RNC with the radio link status from the BTS and 
the user equipment. 

[0036] Rather, an unacceptable increase in the BLER triggers a status change at the RRMA's, 
as shown by arrow B, prompting both the mobUe radio terminal and the RNC to 
perform various radio resource management actions. 
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[0037] For example, for downlink RNC connections, the invention can trigger radio link 
reconfiguration based on the estimation of theBLER. It may perform either an 
upgrade or a downgrade of the link based on a pre-defined BLER threshold. It may 
also trigger radio link rate adaptation by simply reducing or increasing the number of 
data blocks per frame (i.e. TFCS) on detection of bad or good radio conditions. No 
radio link reconfiguration is necessary in this case. 

[003 8] For uplink mobile terminals connections, the invention can similarly trigger link rate 
adaptation by simply reducing or increasing TFCS on detection of bad or good radio 
connections. Again, no radio link reconfiguration is required in this case. 


[0039] 


As a result, the status change is triggered with minimal cost, since it does not involve 
real-time measurement of the L-1 BLER. or exchange the signaling messages A, Al , 


A2. 

[0040] The following notations are used in this specification: 
[0041] z= the number of first time transmitted PDUs 


[0042] 


X = tiie total number of retransmission PDUs due to the radio link errors, xl = the total 
number of successfioUy retransmitted PDUs among aU retransmitted PDUs counted by 
X (group 1), x2 = the total number of unsuccessfiilly retransmitted PDUs among all 
retransmitted PDUs counted by x (group 2) 

[0043] y = the number of spurious retransmission PDUs (due to the RLC configuration). 

Spurious retransmission PDUs are PDUs retiMitted umiecessarily due to a delayed 
acknowledgement received by the transmitter. 

[0044] A 'Status Report' represents a one/multiple-PDU message, sent on tiie same chamiels 
as tiie data; however, the PDUs of tiie message are not data PDUs. The Status Report 
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system (known as ACK/NACK system in GSM, IxRTT, etc.) is not changed in any 
way by invention implementation. 

[0045] y=^M'xl EQl 

[0046] Af = the average value of the spxirious retransmitted PDUs corresponding to a 
retransmitted PDU within group 1 (counted by xl). 

[0047] R = PDU retransmission rate, either in the downlink direction or uplink direction. R is 
defined as the ratio of the number of retransmitted PDUs and the total number of 
transmitted PDUs. 

[0048] r = radio link BLER in the considered direction. 


rnn>im n number of retransmitted PDUs 

[0049] R = EQ2 

total number of transmitted PDUs 


[0050] The way to estimate R based on radio link BLER r can be done in two steps: the first 
step is to calculate R using r and M, The second step is to estimate M. The first step is 
general, in that it applies to any system and RLC configuration, while the second step 
differs according to the system and configuration. The method according to the 
invention shows how Af may be estimated for UMTS systems. For other systems and 
configurations, M can be derived in a similar way. 

[005 1 ] N= maximum number of spurious retransmission PDUs (coxmted by y) corresponding 
to a retransmitted PDU within group 1 (counted by xl). 


[0052] 


AF = activity factor in the considered direction, defined as the ratio of the total number 
of transmitted PDU's in the considered direction to the maximum number of PDUs 
that can be transmitted in the considered direction. 
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[0053] r_T = radio link BLER threshold for the considered direction. This is a configurable 
parameter. 

[0054] rj) = radio link BLER in the opposite direction (i.e. if r is defined for the downlink, 
then r _p is defined for the uplink). 

[0055] Tti\ transmission time interval length in the considered direction (the same direction as 
defined for r). 

[0056] Ttij): transmission time interval length in the opposite direction. 

[0057] m = maximum number of PDU's per Tti that can be transmitted in the considered 
direction, conform to the current radio access bearer (RAB) rate. 

[0058] mj) = maximum number of PDU's per Tti that can be transmitted in the opposite 
direction, conform to the current radio access bearer (RAB) rate. 

[0059] T = RLC layer round trip delay. 

[0060] t = value of Timer_Status_Prohibit. Timer_Status JProhibit is a configurable RLC 
layer parameter. 

[0061] t '= actual status prohibit delay value. 

[0062] tjp = the average time length needed to generate a status report if a maximum number 
of status reports are generated during a RLC layer round trip delay period T. 

[0063] p = probability that a status report will be triggered during the last tj> period. 


[0064] 


With the above notations, x, xl and x2 can be expressed as follows: 
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[0065] x = f^ 

[0066] xl = (l-r)-x 
[0067] x=xl = r oc 

[0068] The PDU retransmission rate R in the considered direction can be computed according 
to the definition given by EQ2 and using}' from EQl, x from EQ3, xl from EQ4: 


[0069] R = 


_x+y_ 
x+y+z 


x+M'Xi 


X+M-X.+ X 

r 


r+M-i\-r)r 
l+M-(l-r)-r 


EQ6 


[0070] EQ6 links R (PDU retransmission rate in the considered direction) with r (radio link 
BLER in the considered direction). Note that EQ6 is a general formula, which is 
^pUctOjle to any wireless system and RLC configuration. If M can be quantified, then 
EQ6 clearly quantifies the relation between R and r. However, for different systems 
and RLC parameters configuration, Af could be derived differently. 

[0071 ] The description below shows how to derive M for an UMTS system with a given RLC 
configuration. 

[0072] The method according to tiie invaition is performed as shown m the flowchart of 
FIGURE 3 and described next. 


[0073] Stage 1. Quantify the relationship between R (PDU retransmission rate in the 
considered direction) and r (radio linlc BLER in the considered direction) 


[0074] In order to obtain M for UMTS system with a given RLC configuration, the maximum 
number of spurious retransmission PDUs (counted by ;;) corresponding to a 
retransmitted PDU in group 1 (counted by xl), N, is estimated, and the probability p 
that a statias report wiU be triggered during the last t_p period, are determined from tiie 
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value of Timer.Status.Prohibit, t, and the transmission time interval in the opposite 
direction, Tti_o, and shown by steps 104-116. 

[0075] Instep 104. the actual status prohibit valued is computed as shown in EQ7: 

EQ7 


[0076] f = ^'-^ 


[0077] where FLOORO) is Hie largest integer that is not larger than;. 

[0078] THe round trip delay T is estimated in step 1 06, and used to calculate N: 


fT\ , EQ8 
[0079] iV= CSLl - 1-1. 


[0080] 


where CEm(x) is the smallest integer which is not smaller than 


[0081] The average time length needed to generate a status report if the maximum number of 
status reports are generated during a RLC layer round trip delay period. t_p, is 
estimated in step 108. as shown in EQ 9: 


[0082] t_p=FLOOR^] 


EQ9 


[0083] Using the RLC layer traffic activity factor AF, the total number n of transmitted PDUs 
during the period t J7, is computed in step 110; 


[0084] n=FLOOR(^-m-AF] 


EQIO 
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[0085] The probability that a status report will be triggered during the last t jp period (see 
EQ9), is next calculated in step 11 2, as shown by EQl 1: 

[0086] p=HUrr EQll 

[0087] M, the average value of the spurious retransmitted PDUs corresponding to a 

retransmitted PDU within group 1, is estimated in stq) 1 14, according to EQ12. 

[0088] M = N'p'(l'rj)) EQ12 

[0089] Next, the RLC layer PDU retransmission rate may be determined in step 1 16 by 
substituting into EQ 6 with M from EQ12: 


[0090] ji^ r + N.p-(l-r_o).il-r).r 
l + N'p*(l-r_o)'(l-r)'r 


[0091] This expression clearly quantifies the relation between R and r. Note that N and p are 
estunated through EQ8, EQ9, EQIO and EQl 1. 

[0092] Stage 2. Determine the RLC layer PDU retransmission rate 

[0093] Using the expression determined for R in EQ13, the RLC layer observable threshold in 
the considered direction, RJT, may be computed in step 1 18 for the corresponding 
value oftheBLER threshold r T: 


[0094] ,gr = ^-^-^^-^0----)a---^---r EQ14 


[0095] Stage 3. Observe the real time RLC observable in RNC RLC layer 
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[0096] Next, the real time value R is observed in the RNC RLC layer in step 120. R is 

observed as the ratio of the number of retransmitted PDUs and the total number of 
transmitted PDUs (see EQ2) for a pre-defined period of time interval. The respective 
RRM algorithm(s) is/are triggered whenever: 

[0097] R>Rjr, EQ15 

[0098] as shown by branch *Tes" of decision block 122 andstep 124. The RRMA will then 
perform a radio link adaptation/reconfiguration, shown in step 126. 

[0099] If the real time value of R for a pre-defined time interval is lower than the threshold 
(as shown by branch ^'No" of decision block 122), and if neither the values of RLC 
layer parameters nor the layer 1 threshold r_T is changed (as shown by branch 'Tslo" of 
decision block 128), the step 120-122 are repeated for a pre-defined period of time 
interval. 

[00100] If there is a change to the layer 1 threshold rJT (as shown by branch "Yes" of 

decision block 128) but there is no change to the values of RLC layer parameters (as 
shown by branch * W of decision block 130), the step 1 1 8-122 is repeated for a pre- 
defined period of time interval. 

[001 0 1 ] If there is a change to the values of RLC layer parameters (as shown by branch ''Yes*' 
of decision block 130), the steps 104-122 are repeated for a pre-defined of time 
interval. 

[00102] In addition, from EQ13 it can be shown that i? is a monotonically increasing function 
of r, since both r and rj) are between 0 and 1 . Hence r > rJT if and only if i? >Rjr, 
This final observation validates the procedure above. Details of this demonstration are 
provided below. 
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[001 03] iV is a constant which is not related to r. 

[00104] p = l'(l-rf^ where « is a non-negative constant integer which is not related to r. 
[001 05] r_o: a constant which is not related to r. 

[00106] Defining a^N'{[-r _d), with rj) between 0 and 1, the parameter a is non- 
negative. R is then given by 


l + a.r(l-r)-(l-(l-rr) 


[001 07] To show that i2 is a monotonically increasing function of r, we need to show dR/dr >= 
0. dR/dr can be computed as below: 


Numerator 

dR/dr- 


(l + a.r.(l-r)(l-(l-r)-)J 

[00108] Hence we only need to show that the numerator of the dR/dr is >= 0. This numerator is 
calculated as below: 

[00109] Numerator 

, 4^'--o-;)-('-o-^n) .(i,,.,.(i_,Hi-o-r)-)) 

dr 

-(.^..r.(i-r).(i-(i-.r)).4^-'-a-^('-o-'-)-)) 
= 0+fiO-'')a-ci-'-)")-iiro-ci-'')")+o'-o-'-)'>a-'-)'^)- 
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(l + a.r.(l-r).(l-(l^rr)) 
-(r + a.r.(l-r)-(l-(l-rr)> 

(a(l-r)(l-(l-r)")-ar.(l-(l-rr) + ii.r.(l-r)-/i.(l-rr-*) 
= l + a(l-r)'.(l-(l-r)") + ar(l-r)'-«-(l-r)"-^ 

[001 1 0] Since r is between 0 and 1 , both a and n are non-negative, it is clear that the above 
Numerator is >= 0. Hence dBJdr >= 0. We prove the result. 

[001 1 1] Simulation results show a voy good match with the estimated results based on 

analytical relation derived above. Table 1 provides the values for tiie parameters of 
three examples of coimections, and Table 2 provides the results obtained by simulation 
and the results obtained by using the above calculations for the examples provided in 
Table 1. 

[001 12] In the fibrst example EXAMPLE 1 , r is given, rj) is given (assume r j) = r). R can be 
obtained from EQ 13 as follows: 


[001 14] In EXAMPLE 2 and 3, r is given, r_p is given (assume r_o = r), which gives a 
relationship between r and R as in EQ 16: 


[00116] 


The results for the above mentioned three examples were calculated using the 
respective equations in the second line of Table 1, and are shown in Table 2 for 
comparison with the simulation results for same examples. 


0583P50US01 17 


[00117] TABLE 1 


CONNECTION 
PARAMETERS 

EXAMPLE 1 

EXAMPLE! 

EXAMPLES 

r 

r is given, r o = r 

r is given, r o = r 

r is given, r o = r 

R 

E016 

EQ17 

E017 

Transmission rate 
RAB 

64/384 

64/384 

64/128 

Type of traffic 

ftp 

ftp 

ftp 

Activity Factor 
AF 

1 

1 

1 

Traffic 

(considered) 

direction 

downlink 

downlink 

downlink 

Timer status 
prohibit 
t 

100ms 

140ms 

140ms 

Transmission time 
interval in CD 
Tti 

10ms 

10ms 

20ms 

Transmission time 
interval in CD 
Tti 0 

20ms 

20ms 

20ms 

Actual prohibit 
status delay 
t' CE07) 

120ms 

160ms 

160ms 

Max number of 
PDU/Tti for CD 
m 

12 

12 

8 

RLC layer round 

trip time 

T 

280ms 

280ms 

290 

Max. number of 
spurious 
retransmissions 
N (EO 8) 

2 

1 

1 

Average time for 
status report 
generation 
tp(E09) 

140ms 

280ms 

290ms 

1 No. of transmitted 
PDU/ t_p 
|n(EQ10) 

168 

336 

112 
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[00118] TABLE 2 


Radio Link BLER OD 
r_o=r 

J. iv/iyciuiiity l\Jl a 

Status Report 
During Last t jp 
p(EQll) 

iv vyuicUiiCvi uy 

Simulations 

xv oDiaiiieQ using 
EQ15 

EXAMPLE 1 

r=l% 

0.8152 

2.62 

2.56 


r=5% 

0. 9998 

12.69 

12.86 


r=10% 

1 

22.50 

22.55 

EXAMPLE 2 

1=1% 

0.9658 

1.94 

1.93 


r=5% 

1 

9.09 

9.10 


r=10% 

1 

16.76 

16.74 

EXAMPLES 

1=1% 

0.6756 

1.59 

1.65 


r=5% 

0.9968 

9.06 

9.09 


r=10% 

1 

16.92 

16.74 


[001 19] It should be understood that the preferred embodiments mentioned here are merely 
illustrative of the present invention. Numerous variations in design and use of the 
present invention may be contemplated in view of the following claims without 
straying jfrom the intended scope and field of the invention herein disclosed 


